Toxic metal ions such as Fe (II) and Hg (II) present in industrial waste water can be absorbed by certain biopolymers in parts per milligrams. Biopolymers like Guar Gum, Xanthan Gum, Acasia Gum, Gum Tragacanth, Sodium Alginate, Carboxymethyl Cellulose, Methyl Cellulose and Hydroxypropyl Methyl Cellulose were tested for the same. We found Hg (II) metal ion can be absorbed only by Xanthan Gum and Gum Tragacanth whereas Fe (II) metal ion absorbed by all these biopolymers from waste water. Maximum possible absorption of metal ions determined using minimal quantity of bio-polymer sample. Sorption kinetics and solution property studies of biopolymers conducted also sorption of Fe, Hg metal ions characterized at different temperature and concentrations of biopolymers. Absorption maximum for all these mixtures obtained through spectrophotometric study.
INTRODUCTION
Sorption is a physical and chemical process whereas Biosorption is a physico-chemical process that occurs naturally. In these days treating industrial waste water is a challenge since it contains toxic metal ions, pesticides and other organic compounds. Certain existing methods for the treatment of industrial waste water are expensive and ineffective. So we can go for biosorption method which is environment friendly filtering technique. Biopolymers are produced by living organisms also they are renewable, compostable and biodegradable [10] . In order to remove these metal ions, waste water can be treated with some biopolymers which have hydrogel properties. Hydrogels are crosslinked polymers, hydrophilic in nature, able to swell in water [1, 4, 9] . Heavy metals are naturally occurring but various activities of human have altered the balance of the same. Once it enters into the environment or to the aquatic system heavy metals cannot be degraded or destroyed easily since they are stable. They tend to accumulate in nature [3] . They move from one ecological trophic level to another by damaging the ecosystem. Due to
Polymer sample preparation
1000ppm Stock solution of Fe and Hg metal ions were prepared by Mohr's salt (Ferrous Ammonium Sulphate) and HgSO4 respectively. Crystals of Mohr's salt and HgSO4 were dissolved with dil.H2SO4. Bio-polymers such as Guar gum, Xanthan Gum, Acasia gum, Gum tragacanth, Sodium Alginate, CMC, Methyl cellulose and HPMC are taken with different quantities that are 20%(200mg), 15%(150mg), 10%(100mg), 5%(50mg), 1%(10mg), 0.5%(5mg), 0.1%(1mg), 0.05%(0.5mg) and 0.01%(0.1mg). Each bio-polymer mixtures taken in different beakers, to that separately added 10ml of 1000ppm Fe (II) and Hg (II) metal ion solution. Then for all the mixtures 10ml of waste water was added. These biopolymer-metal ion mixtures along with waste water mixed thoroughly with the help of magnetic stirrer. After proper mixing, the resulting mixture taken for further studies.
Sample preparation for Spectrophotometric study
For all biopolymer mixtures containing Fe (II) metal ion, ammonium thiocyanate solution and HNO3 were added. Whereas to the mixtures containing Hg (II) metal ion, equal volumes of Dithizone and 4.5M sulphuric acid were added. To this 1, 4-dioxane solution was added later.
III. RESULTS AND DISCUSSIONS

Interaction of bio-polymer mixtures with toxic metal ions 3.1.1 Study of absorption of Fe and Hg metal ions
Initially we applied simple titration method to determine the absorption properties of bio-polymers. Solution containing10ml of 1000ppm Fe (II) metal ion was titrated against 0.003N K2Cr2O7 solution using BaDS (Barium diphenylamine Sulfonate) indicator at lab temperature (30 0 C). K2Cr2O7 standardised with 0.003N Hypo solution. Solution containing10ml of 1000ppm Hg (II) metal ion was titrated against 0.02M ZnSO4.7H2O solution using EBT indicator at lab temperature (30 0 C). Initially ZnSO4.7H2O standardized with 0.02M EDTA. Strength of Mohr's salt (N Mohr's) and Strength of HgSO4 (N HgSO4) calculated using formula N1V1 = N2V2 (1) Where N1 is the strength and V1 is volume of Mohr's salt solution, N2 is the strength and V2 is volume of K2Cr2O7 solution in case of Fe (II) analysis and N1 is the strength and V1 is volume of HgSO4 solution, N2 is the strength and V2 is volume of ZnSO4.7H2O solution in case of Hg (II) analysis. By this, amount of only Fe and Hg can be calculated as NMohr's*Molar weight of Fe*1000 in ppm.
(2) NHgSO4*Molar weight of Hg*1000 in ppm.
( At 30 0 C since the polymer concentration is high maximum absorption of Fe (II) and Hg (II) metal ions has observed for 20% each bio-polymer. According to the intension of this study we found that, minimal amount i.e., 0.01% (0.0001gms) of biopolymer mixtures could absorb Fe metal ion as; 151ppm using Guar gum, 167ppm using Xanthan gum, 144ppm using Acacia gum, 149ppm using GT, 159 ppm using Sodium Alginate, 139 ppm using CMC, 149 ppm using MC and 162 ppm using HPMC mixture out of 201ppm (blank solution of Fe). Also 0.01% mixtures of XG and GT could absorb 722ppm of Hg metal ion and 770ppm of Hg metal ion respectively out of 782 ppm (blank solution of Hg) at lab temperature. The absorption of Fe, Hg metal ions goes on increased as biopolymer concentrations decreased since concentration getting closer to blank concentration. i.e., 20% < 15% < 10% < 5% < 1% < 0.5% < 0.1% < 0.05% < 0.01% . Experiment has stopped at 20% (0.2gms) of each bio-polymer mixture because it is difficult to carry out the experiment since the thickness of mixture becomes too high after 0.2gms.
pH study
pH of blank Fe, Hg solution and different concentrations of biopolymer mixtures were noted at lab temperature (30 0 C). Acidic pH range of 2-3 has observed in blank solution of both Fe and Hg metal ion as well as in every bio-polymer mixtures with corresponding metal ion. pH of blank solution of Fe was found to be 3.81 and that of Hg was 3.10 at lab temperature. pH values of various biopolymer mixtures along with corresponding metal ion at lab temperature are mentioned in Table 2 . 
Density and Viscosity studies of biopolymer mixture
Density and viscosity measurements were carried out for both Fe and Hg blank solution and also for different concentrations of biopolymer mixtures with corresponding metal ions at lab temperature. At 30 0 C we found density of Fe blank was 0.3950*10 3 (kg/m 3 ) and its viscosity was 0.2805mm 2 /sec, density of Hg blank was 0.3950*10 3 (kg/m 3 ) and its viscosity was 0.3189mm 2 /sec. Density and viscosity values of various concentrations of biopolymer mixtures along with respective metal ions at are shown in Table 3 and 4 respectively. Both the parameters decreased as we move from higher concentration (20%) to lower concentrations (0.01%) of each biopolymer mixture. Mass of the substance goes on decreases from 20% to 0.01%. As a result value of density decreases.
Thickness of the substance decreases from higher concentrations (20%) to lower concentrations (0.01%). Therefore internal resistance of the mixture decreases. We know that, a liquid with high internal resistance to flow is described as having high viscosity [7] . A liquid with low internal resistance to flow is described as having low viscosity. Therefore decrease in viscosity has observed from higher concentrations (20%) to lower concentrations (0.01%). 
Study of Ultrasonic sound velocity of biopolymer mixtures
Determination of ultrasonic sound velocity carried out as a part of solution property studies of biopolymers with heavy metal ions. Study conducted for blank solution of Fe and Hg also for various concentrations of biopolymer mixture with corresponding metal ion at lab temperature using Ultrasonic Interferometer for liquids F-81 (Mittal Enterprises). Ultrasonic sound velocity of blank solution of Fe was 1609m/s and for blank Hg solution it was 1605m/s. The obtained values of ultrasonic sound velocity for various concentrations of biopolymer mixtures with respective metal ions are given in Table 5 . No characteristic changes observed in the values of ultrasonic velocity for different concentrations of biopolymer mixtures. 
Sorption kinetics studies (Temperature Study) 3.2.1 Effect of temperature on absorption of toxic metal ion
Study of effect of temperature on absorption of Fe (II) and Hg (II) by biopolymers, their pH values, density, viscosity and ultrasonic sound velocity were conducted. Both blank solution of Fe, Hg and various concentrations of biopolymer mixtures containing corresponding metal ions were tested for the same. Temperature increased starting from lab temperature to slight higher temperatures. That was from 30 0 C to 60 0 C. Absorption of Fe (II) and Hg (II) from industrial waste water was found to decrease with increasing temperature for all the biopolymer mixtures even for blank solutions of metal ion. As we increase the temperature the rate of reaction increases. Particles can react only when they collide. By heating, particles move faster and collide more frequently. That will speed up the rate of reaction. Fig.1 and 2 represent the effect of temperature on absorption of Fe and Hg blank solutions respectively. Effect of temperature on absorption of Fe (II) metal ion by different concentrations of Guar gum mixtures ( Fig.1.a) , Xanthan gum mixtures ( Fig.1.b ), Acacia gum mixtures ( Fig.1.c) , Gum tragacanth mixtures ( Fig.1.d) , Sodium alginate mixtures ( Fig.1.e ), CMC mixtures ( Fig.1 .f), MC mixtures ( Fig.1 .g) and HPMC mixtures ( Fig.1 .h) have given below. Temperature effect on absorption of Hg (II) by Xanthan gum (Fig.2 .a) and Gum tragacanth ( Fig.2 .b) also mentioned. Absorption curves of Fe, Hg blank ( Fig.1 & 2) taken as reference curve. Remaining curves of all biopolymer mixtures with corresponding metal ion when compared with respective reference curve, lesser absorption values obtained. From graph it is clear that temperature has greater effect on reaction rate of biopolymer mixtures resulting in, decreasing temperature curve. After 60 0 C, absorption found to be constant also there was negligible difference in absorption values. Hence temperature study has stopped at 60 0 C for all the mixtures. 
Effect of temperature on pH values
pH of both blank solutions and their corresponding biopolymer mixtures were slightly decreased with increase in temperature. Acidic pH range (2-3pH) noticed in every mixture even though the pH values decreased. Temperature plays a significant role on pH measurements. As the temperature rises, molecular vibrations increase which results in the ability of water to ionize and form more hydrogen ions. As a result, the pH will drop. pH values of blank solutions of metal ion at different temperatures and effect of temperature on pH values of different concentrations of biopolymer mixtures are given in Table 6 . 
Effect of temperature on density
Density changes with temperature because volume changes with temperature. As temperature increases, the volume usually increases because the faster moving molecules are further apart. Thus increasing the volume decreases the density. Change in density values of Fe and Hg blank solutions with increasing temperature are given below in Fig.3 & 4 respectively. The temperature effect on density values for various concentrations of biopolymer mixtures containing Fe metal ion are given in Fig.3.a, 3.b, 3.c, 3.d, 3 .e, 3.f, 3.g, 3.h for GG, XG, Ac.G, GT, Na Alg., CMC, MC, HPMC mixtures respectively. Similarly effect of temperature on density values of XG-Hg, GT-Hg mixtures are given in Fig.4.a, 4 .b respectively. The density curves of Fe and Hg blank (Fig.3, 4) ) taken as reference curve. Density curves of all biopolymer mixtures containing different metal ions when compared with corresponding reference curve, higher density values were obtained. Temperature ( 0 C) 20% GG 15% GG 10% GG 5% GG 1% GG 0.5% GG 0.1% GG 0.05% GG 0.01% GG Fig.3 
Temperature ( 0 C) 20% Na Alg. 15% Na Alg. 10% Na Alg. 5% Na Alg. 1% Na Alg. 0.5% Na Alg. 0.1% Na Alg. 0.05% Na Alg. 0.01% Na Alg. Temperature ( 0 C) 20% GT 15% GT 10% GT 5% GT 1% GT 0.5% GT 0.1% GT 0.05% GT 0.01% GT Fig.4 .b Effect of temperature on density of GT-Hg mixture
As we move from higher to lower concentrations of the mixture, mass of the substance decreases density values become less. Density values of 20% and 15% mixtures of Xanthan gum-Fe ( Fig.3.b ), Sodium Alginate-Fe ( Fig.3.e ) and Methyl Cellulose-Fe ( Fig.3 .g) are very high. These biopolymers when mixed with Fe metal ion solution, form very thick mixture and Sodium alginate mixture becomes turbid too. Hence respective density curves lies at the top. All concentrations of Guar gum-Fe mixtures ( Fig.3 .a) are thick. Their initial density will be high. Later as temperature increases (after 35 0 C) density slightly decreases. Acacia gum-Fe (Fig.3.c) and Gum tragacanth-Fe ( Fig.3.d ) mixtures dissolve quickly with Fe metal ion solution. Hence they do not form compact solution. All the mixtures of Ac.G-Fe and GT-Fe showed good difference in density values. CMC-Fe ( Fig.3 .f) mixtures also become little bit thick. But all these mixtures exhibit good density differences. In case of Fig.3 .h, all lines are close to each other this is because of negligible difference in density values between different concentrations of Hydroxypropyl methyl cellulose mixtures.
At higher concentrations Xanthan gum usually becomes thick when it mixes with Mercury metal ion solution. Therefore such mixture 20%, 15% and 10% of XG-Hg ( Fig.4 .a) will give large density values. After 10% (5% XG-Fe -0.01% XG-Fe), density values found to be closer since these mixtures will not become that much thick. All GT (20% to 0.01%) mixtures are quickly soluble with Mercury metal ion solution. Also solution will not become thick. So differences between the density values are very less.
Sorption kinetics of change in density with respect to temperature also favors the absorption of metal ions from waste water.
Fe and Hg blank are given below in Fig.5 & 6 respectively. Fig.5 .a, 5.b, 5.c, 5.d, 5.e, 5.f, 5.g and 5.h represents the temperature effect on viscosity values for different Guar gum, Xanthan gum, Acacia gum, Gum tragacanth, Sodium alginate, CMC, MC and HPMC mixtures respectively which contain Fe metal ion. Similarly Fig.6 .a and 6.b represents temperature effect on viscosity of XG-Hg and GT-Hg mixtures respectively. Fig.5, 6 considered as reference curve. Viscosity curves of all biopolymer mixtures containing different metal ions when compared with corresponding reference curve, higher viscosity values were obtained. 20% Na Alg. 15% Na Alg. 10% Na Alg. 5% Na Alg. 1% Na Alg. 0.5% Na Alg. 0.1% Na Alg. 0.05% Na Alg. 0.01% Na Alg. Out of all biopolymer thickness of Xanthan gum-Fe ( Fig.5.b) and Xanthan gum-Hg ( Fig.6 .a) mixtures are very high. Its viscosity values also higher than other. Thickness remains high till 10% XG whereas after 10%, becomes less thick also viscosity curves of 1%-0.01% XG mixtures of both metal ions seem to be very close or overlapping. Mixtures which become too thick when mixed with Fe metal ion solution will give higher viscosity values. Respective viscosity curves lies at the top. Such observation we can see at 20% and 15% Fe metal ion mixtures of Guar gum (Fig.5.a) , Gum Tragacanth ( Fig.5.d) , CMC ( Fig.5 .f), MC ( Fig.5 .g) and HPMC ( Fig.5.h) . As concentration of mixture decreases they lose their stiffness. Hence least concentrated mixtures almost occupy the same line in the curve. Viscosity values of all Acasia Gum-Fe (Fig.5.c) and Sodium alginate-Fe ( Fig.3 .e) mixtures showed good difference throughout. In Fig.6 .b all GT-Hg mixtures (20% to 0.01%) are quickly soluble with Hg metal ion solution also it will not become thick. Hence their viscosity curves lies very close to each other, also 1% to 0.1% mixtures seem to be overlapping.
We observed that minimal amounts of 1% to 0.01% polymer mixtures are easy to handle for effective absorbance of Fe and Hg metal ions from industrial waste water. They dissolve quickly with metal ion solution. Thickness is also less.
Effect of temperature on Ultrasonic sound velocity
Sorption kinetics of ultrasonic sound velocity carried out as a part of solution property studies of biopolymers with heavy metal ions. Temperature is also a condition that affects speed of sound [13] . Molecules at higher temperature have more energy thus they can vibrate faster. In this experiment, velocity of ultrasonic sound decreases as temperature rises. Ultrasonic sound velocity of blank Fe and Hg solution at different temperatures and effect of temperature on ultrasonic sound velocity of various biopolymer mixtures with corresponding metal ion are given below ( Table 7) . All these values decreased with increasing temperature but no characteristic changes observed between the values of ultrasonic sound velocity for different concentrations of biopolymer mixtures. Fig.7.a, 7 .b, 7.c, 7.d, 7.e, 7.f, 7.g and 7.h respectively. Fig.8 .a and 8.b represents spectral readings for XG-Hg and GT-Hg mixtures respectively. 
IV. CONCLUSION
Study has shown that biopolymers such as Guar gum, Xanthan gum, Acacia gum, Gum tragacanth, Sodium alginate, Carboxymethyl cellulose, Methyl cellulose and HPMC mixtures can absorb significant amount of Fe (II) metal ion whereas Xanthan gum and Gum tragacanth mixtures can absorb significant amount of Hg metal ion from industrial waste water. Minimal quantity of biopolymer mixture that is 0.01% or 0.1mg of biopolymer can effectively absorb Fe (II) and Hg (II) metal ions from waste water instead of using large quantity. Sorption kinetics of biopolymers studied at different concentrations at different temperatures. Study revealed that, solution property studies like change pH, viscosity, density, absorption capacity and ultrasonic sound velocity with and without the sorbed metal ions, decreases with increase in temperature. Acidic pH range of 2-3pH noticed throughout in every mixture. Biopolymer mixtures which form very thick with Fe and Hg metal ion solution will have greater density and viscosity values. Remaining mixtures either close to each other or seem to be overlapping. Maximum absorption observed at 355nm for all Fe related biopolymers also for Fe blank. For Hg blank solution, XG-Hg and GT-Hg mixtures absorption maximum obtained at 491nm.
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